1 2 -Hg to 1 and 1-Hg requires a surface crossing, since each product is calculated to be a triplet. While several studies have shown that intersystem crossings are adiabatic when heavy elements are involved, 16 -18 the orbital symmetry of 1 2 -Hg (σ 2 σ 2 π 2 ) is different † Cornell University. ‡ University of North Texas. from the products of the quintet surface (σ 1 π 1 for 1, σ 2 π 1 π 1 for 1-Hg). 1 As a consequence, the calculated relative ∆G°of the crossing point (1′ 2 As Figure 2 illustrates, the 1a u and 1b g orbitals of 1 2 -Hg have no Hg component and can be considered dimolybdenum π-and π*-orbitals that have been "stretched" beyond a meaningful overlap distance. As others have used the relative rotation of an L 2 X 2 Mo fragment in quadruply bonded (L-L) 2 X 4 Mo 2 systems to diminish or eliminate d-overlap, 19, 20 the "stretched" π-interaction in 1 2 -Hg can be considered similarly. The energy difference between the 1 B u and 3 B u states derived from the (1a u ) 1 (1b g ) 1 configuration is 2K, where K is the exchange energy and ∆W ) E(1b g ) -E(1a u ), as in the paradigm provided by Cotton and Nocera for any twoelectron bond. 6 The lowest energy band in the UV-vis spectrum of 1 2 -Hg is a weak absorption ( ≈ 160 M -1 cm -1 ) at 1000 nm that is assigned to the x,y-allowed 1 A g f 1 B u transition (K ) 4700 cm -1 , ∆W ) 2450 cm -1 ); intensity stealing from an O(pπ) f Mo(d yz -π) LMCT band may aid its observation. 21 An assignment of the related π 2 f π 1 π* 1 band (528 nm, e ≈ 1200 M -1 cm -1 ) in Schrock's [Mo(NAr)(CH 2 t Bu)(OC 6 F 5 )] 2 (4) 22 permits a crude assessment of its dimolybdenum π-bond energy as {E(π 2 f π 1 π* 1 in 4) -E( 1 A g f 1 B u in 1 2 -Hg)} + E( 1 A g f 3 B u in 1 2 -Hg) ) 9540 cm -1 (27 kcal/mol). 6 This rare spectroscopic estimate of the π-bond strength 23, 24 rests on the premise that characteristic energies in these compounds are similar, the contribution from Hg 6p z to the π b (1a u ) orbital in 1 2 -Hg is negligible, and configuration interaction contributes minimally to the 1 B u (1 2 -Hg) and π 1 π* 1 states (4).
Calculations suggest that the model is a fundamental approximation for the dimolybdenum π-bond. Using multireference perturbation theory (MPT) 12,25 on the 1′ 2 -Hg model, the ∆E( 1 A g f 1 B u ) transition is calculated to be at ∼890 nm with K ) 4740 cm -1 , ∆W ) 4425 cm -1 , and D(π(Mo 2 )) ) 27 kcal/mol. Given the difficulty of calculating excited states, the values are within reason, but more importantly, the calculations implicate substantial mixing in 1 B u (69% arising from higher energy orbitals outside the twoorbital, two-electron Coulson and Fischer 8 space, i.e., (1a u ) 2 (1b g ) 0 ). In contrast, the 1 A g and 3 B u states are ∼90% "pure". Complementary structural, reactivity, and electronic studies on 1 2 -Hg and various derivatives are continuing.
